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SHAPE OF MICRODOT MARK FORMED BY LASER BEAM AND 
MICRODOT MARKING METHOD 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to the shape of a dot mark 
and a method of forming the dot mark which is formed for product 
management or security in a specified position on the surface 
and the like of an item to be marked such as a semiconductor 
wafer, in a minute area on a scribe line, a rear surface of a 
wafer, a peripheral surface of a wafer, or an inner surface of 
a V-notch, a glass substrate such as a liquid crystal substrate, 
an electrode (pad) such as a bare chip, the surface of an IC, 
the rear surface of an IC, various ceramic products, and a lead 
portion of an IC. More specifically, the present invention 
relates to the shape of a dot mark of a small size having 
particular shape which secures optical visibility, and a method 
of forming the dot mark. 

2 . Description of the Related Art 

For example, in semiconductor manufacturing processes, 
it is necessary to set various and strict manufacturing 
parameters for each process . In order to control the parameters , 
a mark such as numeral, character, or bar code is displayed by 
dots on the surface of a part of a semiconductor wafer. The 
number of manufacturing processes of a semiconductor is 100 or 



more and, moreover, a number of device forming processes and 
planarization processes are performed in each process. The 
processes include, for example, resist application, projection 
of a pattern onto a resist in a reducing manner, resist 
development, and planarization of various films such as an 
insulating film and a metal film for filling a gap which occurs 
by copper wiring or the like. 

On the other hand, the mark made by dots is generally 
formed by irradiating the surface of a part of a semiconductor 
wafer with a continuous pulse laser beam through an optical 
system. The marking is not limited to once. In order to show 
historical characteristics of manufacturing processes, minimum 
historical data required in the manufacturing processes is 
usually marked. Since the marking area on the semiconductor 
wafer is, however, limited to an extremely narrow region, the 
size of the dot and the number of dots to be marked are 
accordingly limited. The marking area, t the size of a dot, and 
the number of dots are specified by the SEMI standard and the 
like. 

As disclosed in, for example, Japanese Laid-Open Patent 
Publication No. 2-299216, information of a semiconductor wafer 
on which the dot marking is performed is read as a change in 
reflectance of an emitted laser beam of an He-Ne laser or a change 
in vibration of a heat wave of an ordinary laser beam. On the 
basis of the read information, various manufacturing parameters 
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in subsequent manufacturing processes are set. When the 
information is not accurately read and is read erroneously, 
therefore , all of semiconductor wafers become defective except 
for a coincidence. Most of the causes of the defective reading 
relates to an unclear mark formed by the dot marking. One of 
factors of the unclearness is the shape of a dot as an element 
of the mark. 

It is generally considered that the influence by the depth 
of a dot is large. As disclosed in, for example, Japanese 
Laid-open Patent Publication No. 60-37716, a dot is usually 
formed by melting and removing a part of the semiconductor wafer 
in a spot state with irradiation of a laser beam of a large energy 
so as to obtain a required dot depth. In this case, the melted 
and removed portion is piled around the dot or scattered and 
adhered to the peripheral portion of the dot , and it may prevent 
device formation and exerts a large influence on the quality. 
Further, in case of dot marking performed by a YAG laser, due 
to the particularity of the YAG laser or the Q switch operation, 
a fluctuation is apt to occur in a laser output and a variation 
occurs in the depth or the size of a dot. 

In order to solve the problems , for example , as disclosed 
in Japanese Laid-Open Patent Publication No. 59-84515 and 
2-205281, the same point is repeatedly irradiated with a pulse 
laser beam of a relatively small energy. In the former 
Publication, in order to form a dot mark, while sequentially 



3 



reducing the dot diameter pulse by pulse in order, the same point 
is repeatedly irradiated with a laser beam, thereby forming a 
deep dot . In the latter Publication , the frequency of a laser 
pulse of the first time is set to 1 kHz or lower and the frequency 
of a laser pulse subsequently emitted is set to a high repetitive 
frequency of 2 to 5 kHz to thereby form a dot having a depth 
of 0.5 to 1-0 [ma or 1.0 to 1.5 \xm. 

On the other hand, since generation of dusts can not be 
avoided by the marking method as described above , a laser marking 
method which provides excellent visibility and suppresses the 
generation of dusts has been proposed in, for example, Japanese 
Laid-Open Patent Publication No. 10-4040. The disclosure of 
the publication relates to a laser marking method of forming 
a dot mark by projecting a liquid crystal mask pattern onto the 
surface of a semiconductor material by emitting a pulse laser 
beam, in which the energy density is set to 18 to 40 J/cm 2 , the 
pulse width is selected within a range jfrom-0.05 to 0.40 ms, 
the surface of the semiconductor material is irradiated with 
a pulse laser beam, and a number of small protrusions are created 
in the laser irradiation region in a process of melting and 
recrystallizing the surface of the semiconductor material. 

According to the marking method, by the irradiation of 
the laser beam which is emitted on a pixel unit basis , a number 
of small protrusions each having the height of about 1 p or 
less and the diameter of 0.5 to 1.0 urn are formed on the surface 
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of an article to be marked. The interval between neighboring 
protrusions is about 1.5 to 2.5 um and the density of the 
protrusions is 1.6 to 4.5 X io 7 pieces/cm 2 . The aggregation of 
a number of small protrusions are handled as a single dot mark 
which is read by utilizing an irregular reflection of light, 
and in case of such small protrusions, the generation of dusts 
in the event of the formation can be suppressed. 

It is certain that one of the causes of unclearness of 
the dot mark having a hole shape (hereinbelow, the clearness 
of the dot is called "visibility" ) relates to the depth of the 
dot. Even when the dot is formed deep enough, however, in the 
case where the diameter of the opening is large, for example, 
when a laser beam strong enough to obtain a required depth is 
emitted, the energy density has generally a Gaussian 
distribution. The dot has therefore a smooth curved surface 
which is a gentle slope as a whole, so that a case where the 
difference between the dot and the peripheral area is not easily 
discriminated by the reading means as described above occurs . 
In the above publication of Japanese Laid-Open Patent 
Publication No. 2-205281, although the dot depth is 
specifically described as 0.5 to 1.0 or 1.0 to 1.5 \im, the 
diameter of the dot is not described at all, and the shape of 
the dot is merely described as a Gaussian shape. 

In the disclosure of Japanese Laid-Open Patent 
Publication No. 59-84515, since it is described that the 
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diameter of the dot opening of the first time is 100 to 200 yin 
and the depth is 1 p or less and, specifically, the laser beam 
is emitted four times, the depth of the dot in this case is at 
most 3 to 4 ^irn. In the drawings of the publication, the shape 
of the dot formed at a time is similar to the Gaussian shape. 

It can be therefore considered that dots each having a 
required depth, whose sizes are uniform to a certain degree are 
formed by any of the marking methods disclosed in the above 
publications. The shape of the formed dot is, however, like 
a conventional shape and the diameter with respect to the depth 
is extremely large. Thus the visibility still lacks certainty. 
Since the reduction in size (diameter) of the dot to be formed 
is not disclosed, the disclosure does not intend to reduce the 
conventional dimension of 50 to 150 ^m. The numerical values 
at the present time point which are specified by, for instance, 
the SEMI standard are simply used. A substantial large increase 
in the number of dots and the dot forming area cannot be therefore 
expected and, moreover, it is difficult to mark various 
information. 

The visibility of the dot mark is high when there is a 
large difference with respect to the light reflecting direction 
and the reflection amount between the mark and the periphery. 
When the depth is relatively large with respect to the diameter 
of the opening, the visibility is therefore high in the following 
manner. Since the reflecting direction of reflection light in 
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the hole, incident at a predetermined incident angle, is not 
regular but is irregular, the reflection light outgoing from 
the opening of the hole to the outside is reduced. Assuming 
that the peripheral area of the hole is a smooth surface, the 
reflection light in the peripheral area is reflected in the same 
direction, so that the lightness is high. The visibility is 
high when the difference between the lightness and darkness is 
large . 

The small protrusions formed by the marking method 
disclosed in Japanese Laid-Open Patent Publication No. 10-4040 
are too small to be observed individually. The difference 
between the irregular reflection light amount of the irregular 
reflection surface as a surface of collection of the protrusions 
and the reflection light amount of the smooth surface is small, 
so that it is difficult to distinguish the irregular reflection 
surface from the peripheral smooth surface. The visibility is 
inevitably not good. Further, according to this publication, 
when an irradiated energy density is less than 18 J/cm 2 , the 
small protrusion is not formed because the surface is not molten, 
however, this is because the pulse width is quite large and no 
special arrangement is made in the marking apparatus used. 

Since a single dot mark is composed of a collection of small 
protrusions and there is no description regarding the size of 
one dot mark, it is regarded that the size of the dot is the 
same as that of the conventional dot and the dot mark forming 
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area is limited. Even if the size of the dot which is the 
aggregation of the small protrusions obtained is small, the 
shape and size of a plurality of extremely small protrusions 
which are dispersed in one dot can not be controlled to be uniform, 
which makes no difference in lightness from its periphery so 
that the visibility of each dot further deteriorates. 

SUMMARY OF THE INVENTION 

The invention has been achieved to solve the above- 
described problems. Specifically, a first object is to obtain 
a dot mark shape having small and uniform shape and size and 
excellent visibility can be realized even by a single dot mark 
and a second object is to provide a dot marking method for 
accurately forming such a microdot mark . The other objects will 
become clear from the following description. 

The objects are effectively achieved by the present 
invention. 

The inventors of the present invention newly, 
specifically examined and analyzed conventional dot marking 
apparatuses and methods of such kinds and the dot shapes formed 
and found that the main factor which makes a microdot certainly 
visible though it is small is the dot shape and the ideal shape 
cannot be obtained by the conventional marking apparatuses and 
methods . 

To be specific, for example, as shown in Fig. 2 and 
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disclosed in Japanese Laid-Open Patent Publication No . 2-205281 , 
according to the conventional marking apparatus, first, a 
character to be printed on a semiconductor wafer and a marking 
mode is set by an input unit 21 . A marker controller 22 controls 
an ultrasonic Q-switched element 23, an internal shutter 24, 
an external shutter 25, an attenuator (optical attenuator) 26, 
and a galvanometer mirror 27 in order to mark a dot having a 
predetermined depth onto a wafer W in accordance with the set 
marking mode and one dot is marked by one Q-switched pulse. In 
Fig. 2, reference numeral 11 denotes a total reflection mirror; 
12 an internal aperture (mode selector); 13 a lamp house; 14 
an output mirror; 15 an aperture; 16 a leveling mirror; 17 a 
Galilean expander; 18 an aperture; 19 an f-6 lens; and 20 a YAG 
laser. 

According to such a general marking method, as described 
above, since the energy density distribution of the laser beam 
emitted to the surface of the semiconductor wafer has the 
Gaussian shape, the inner surface of the dot formed on the 
surface of the wafer is gently curved by the influence of the 
energy density distribution. The marking methods are based on 
the invention of U.S. Patent No. 4,522,656. The invention of 
this U.S. Patent is characterized in that, by irradiating the 
surface of a wafer with a laser beam having the diameter which 
is 1 . 5 to 6 . 5 times as large as the diameter of a dot to be marked, 
thermal conduction to the peripheral area is prevented, the 
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energy Is effectively used, and the central portion of the 
irradiation point is melted to form a hole. 

In other words, the method effectively uses the energy 
density distributed in the Gaussian shape of the laser beam. 
The energy in a part corresponding to the bottom of the energy 
density distribution, in which the laser intensity is low, is 
directed to the periphery of the hole opening portion to thereby 
warm the periphery, prevent loss of the thermal energy by the 
heat conduction from the central portion of the hole, and 
effectively realize the hole formation in the central portion. 
However, since a part of the laser energy is not directly used 
for the hole formation but is consumed, the efficiency is low. 
Moreover, the heat history remains in the hole peripheral 
portion by irradiating the periphery of the hole with a laser 
beam and an adverse influence may be exerted on the product. 
Further, the marking method can form only a shallow dot mark 
having a large dot diameter as described above and the peripheral 
portion of the hole is swollen. It further deteriorates the 
visibility. 

The inventors further examined the shape of the dot mark 
having excellent visibility and, as a result, found that by 
setting each of the pulse width and the energy density of the 
laser beam within a predetermined range as will be described 
hereinlater and controlling the energy density distribution, 
a dot mark formed by each laser beam emitted to the surface of 
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an article to be marked has a peculiar shape which is not 
conventionally known and, though it is a single microdot mark, 
it has visibility higher than that of a dot mark shape having 
a recess formed by the conventional laser marking. 

That is, according to the first aspect of the invention, 
there is provided a dot mark formed on the surface of an article 
to be marked by using a laser beam as an energy source . Although 
it is a microdot mark having a length along the surface of the 
article to be marked of 1.0 to 15.0 urn, the dot mark has the 
shape which is very visible and is made of dots each formed by 
a laser radiation point . The central portion of each dot mark 
has a protrusion which protrudes upward from the surface of the 
article to be marked and the height of the protrusion is 0.01 
to 5 nm. In view of visibility, it has been found that the dot 
mark of the invention has the protruding shape, the height in 
the above mentioned range is sufficient because the dispersing 
light rather than regular reflection light is detected. 

In order to clarify the mechanism of forming such a dot 
mark shape, the inventors have carried out a number of 
experiments from various viewpoints and, as a result made the 
inference as described below. Needless to say, other various 
inferences can be drawn. 

That is, when each of dot forming positions is irradiated 
with a laser beam, the surface of the irradiated portion of the 
article to be marked is melted and a pool of the melted material 
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(hereinbelow, called a melted pool) is created. At this time, 
the temperature of the melted material becomes lower toward the 
bank of the melted pool and becomes higher toward the center. 
Due to the temperature gradient, a distribution occurs in the 
surface tension, and movement occurs in the melted material. 
Simultaneous with the stop of the pulse irradiation, cooling 
starts and the material is solidified. In a state where the 
material is melted, the central portion of the melted pool is 
a free interface and the bank of the melted pool corresponds 
to a fixed end, so that the state is similar to that of a film 
whose periphery is fixed. In such a state, the surface tension 
acts and a dynamic motion similar to a film vibration occurs 
in the central portion of the melted pool. 

The length of an amplitude in the film vibrating mode is 
determined substantially by the viscosity peculiar to the 
material and the surface tension. Therefore, the larger the 
diameter of the melted pool becomes, the number of vibrations 
increases. For example, in case of silicon, since the length 
of an amplitude is about 3 to 5 pm, a microdot shape having an 
effective contrast can be obtained in a small area. It was also 
confirmed by the experiments that a dot mark can be formed in 
the small area with little influence of the gravity. 

When the laser irradiation pattern is square, the melted 
pool is accordingly square. When it is circular, the melted 
pool is accordingly circular. Further, the vibration similar 
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to that of a film also occurs in a mode corresponding to the 
square or circular shape- Figs. 22 to 31 schematically show 
square and circular film vibration modes . As the vibration mode 
becomes higher , the number of vibration waves increases and the 
vibration mode is shifted between a recessed pattern and a 
protruded pattern. It can be understood also by experimental 
results which will be described hereinlater that the motion of 
the melted pool has a strong correlation with the film vibration . 

Fig. 22 shows a circular film vibration mode in a state 
where the surface of an article to be marked is expanded as an 
upward curved surface. Fig. 23 shows a circular film vibration 
mode in a state where the surface of an article to be marked 
is contrarily recessed as a downward curved surface. Fig. 24 
illustrates a circular film vibration mode in a state where a 
ring-shaped recess is formed and the surface protrudes upward 
in an almost conical shape in the center of the ring-shaped 
recess on the surface of an article to be marked. Fig. 25 shows 
a circular film vibration mode having a ring-shaped expanded 
portion and recessed a downward curved surface in the center 
of the expanded portion. Fig. 26 shows a circular film 
vibration mode having a ring-shaped expanded portion and 
conically protruding upward in the center of the expanded 
portion. Fig. 27 shows a circular film vibration mode 
concentrically having a ring-shaped recessed portion as an 
outermost portion, an expanded portion, and a recessed portion 
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on the surface of an article to be marked. 

Figs. 28 to 31 show square-shaped film vibration modes 
corresponding to Figs. 22 to 25, respectively. Fig. 31 in this 
case is peculiar in that an expanded portion does not have a 
simple ring shape but a waved shape in which the corners of a 
square are largely expanded. 

As a result of a number of experiments , it was found that 
the dot mark shape in any of the film vibration modes is 
incomparably smaller than the conventional one and can be 
obtained by setting the pulse width and the energy density of 
the laser beam as marking parameters within their predetermined 
ranges and controlling the energy density distribution. 

The laser marking apparatus disclosed in Japanese Patent 
Application No. 9-323080 proposed before by the inventors is 
a preferred example of a laser marking apparatus used to form 
the dot mark shape according to the first aspect of the invention. 
Since the detailed construction is described in the 
specification of the application, a simple description will be 
given here. 

Reference numeral 1 in Fig . 1 denotes a marking apparatus 
for marking characters, bar code, 2D code, or the like on the 
surface of an article to be marked by using a laser as a light 
source. The marking apparatus 1 comprises a laser 2, a beam 
homogenizer 3 for homogenizing the energy distribution of a 
laser beam emitted from the laser 2, a liquid crystal mask 4 
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which is arranged to transmit /absorb the laser beam in 
accordance with the display of a pattern, beam profile 
converting means 5 for converting the energy density 
distribution of the laser beam corresponding to each pixel in 
the liquid crystal mask 4 into a required distribution, and a 
lens unit 6 for condensing the beam passed through the liquid 
crystal mask 4 onto the surface of the semiconductor wafer on 
a dot unit basis. The maximum length of one dot in the liquid 
crystal mask 4 is 50 to 2,000 ^m and the maximum length of one 
dot in the lens unit 6 is 1 to 15 p. 

In order to form a microdot having such a shape, it is 
necessary to very accurately control the quality and quantity 
of the laser beam irradiated on a dot unit basis. In order to 
obtain a laser beam having a very small diameter of the invention 
from a laser beam having a large beam diameter, a high-quality 
high-power laser beam is necessary. It is however difficult 
to condense the laser beam any more due to the diffracting 
phenomenon of the high-power laser. Even if the laser beam can 
be condensed more, the angle of outgoing radiation of the lens 
becomes large and the depth of focus becomes extremely short, 
so that it is difficult to consider that an actual process can 
be performed. Further, an ultraprecise lens system is also 
required from the view points of resolution and the like. In 
case of equipping such a lens system, the cost of the facilities 
increases more, so that the lens system cannot be applied from 
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the economic point of view. 

In order to realize a microdot mark with an ordinary lens 
system, the laser beam itself emitted from the laser 2 is split 
and converted into laser beams each of a smaller diameter having 
an energy necessary and sufficient to mark one dot, and the 
energy density distribution of the laser beam on the dot unit 
basis has to be converted into a profile suitable to form the 
dot shape. In order to form a suitable and balanced profile, 
it is necessary to homogenize the energy density distribution 
of the laser beam on the dot unit basis, which is not yet 
converted, prior to the forming. 

In order to obtain the light source for the microdot mark, 
it is rational to use the liquid crystal mask 4 in which liquid 
crystals of the liquid crystal mask 4 each capable of arbitrarily 
transmitting/absorbing light in accordance with various data 
written in the central control unit are arranged in a matrix. 

It is important to convert the laser beam emitted from 
the laser having the Gaussian energy density distribution 
firstly into that having a homogenized shape similar to, for 
example, a top -hat shape by using the beam homogenizer 3. The 
types of the beam homogenizer 3 are as follows; a type of 
irradiating the surface of the mask at once by using, for example , 
fly's eye lens, binary optics, or cylindrical lens, and a type 
of irradiating the surface of the mask with a beam by using an 
actuator such as a polygonal mirror or a mirror scanner. 
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When the laser beam whose energy density distribution has 
been homogenized by the beam homogenizer 3 has then to be 
converted again into a profile of an energy density distribution 
suitable to obtain the preferred dot shape, the beam profile 
converter 5 is further used. As the beam profile converter 5, 
for example, a diffraction optical element, a holographic 
optical element, an opening mask or a liquid crystal mask having 
absorption/ transmission regions, a convex or concave microlens 
array, and the like can be used. The beam profile converting 
means is not always necessary to obtain the dot mark shape of 
the invention. 

The article W to be marked as a processing target in the 
invention is a semiconductor wafer, a glass substrate such as 
a liquid crystal substrate, an electrode (pad) such as a bare 
chip, the surface of an IC, various ceramic products, a lead 
portion of an IC, or the like. The semiconductor wafer is 
represented by a silicon wafer itself . If also includes a wafer 
on which an oxide film (Si0 2 ) or a nitride film (SiN) is formed, 
an epitaxial wafer, and a wafer on which gallium arsenide or 
indium phosphorus compound is formed. 

The second aspect of the invention provides a marking 
position particularly preferable for the dot mark having 
particular shape. Namely, the surface on the article to be 
marked by dot marking is specified to be a beveled portion on 
an outer periphery of the wafer. It has been proposed 
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conventionally to provide marking on the outer periphery of the 
wafer, however, the mark is consisted of so-called bar code. 
And when a usual dot mark is required to be formed on said surface , 
it is difficult to be formed on a small area due to its large 
size. Even when it is small, optical reading of the regular 
reflection light has been difficult. However, the dot mark of 
the invention is small and has a particular shape, and thus it 
has been found that sufficient optical visibility can be secured 
by utilizing the dispersing light from the surface of the 
protrusion. Further, when the dot mark is formed on the beveled 
portion of the wafer as described above , the mark would be hardly 
lost due to various treatments in the process of finishing the 
wafer. 

The third aspect of the invention provides a marking 
method suitable to form the microdot mark having a peculiar shape 
on the surface of an article W to be marked. Even when the 
marking apparatus 1 is used, as long as the marking parameters 
specified by the third aspect of the invention are not satisfied, 
the dot mark of the invention having the above-mentioned 
peculiar shape cannot be obtained. 

Specifically, the method according to the third aspect 
of the invention comprises the steps of : homogenizing an energy 
distribution of the laser beam emitted from the laser 2 by the 
beam homogenizer 3 as described above; forming a desired pattern 
by controlling the liquid crystal mask 4 in which the maximum 
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length of each pixel is 50 to 2, 000 \xm and irradiating the liquid 
crystal mask with the laser beam homogenized by the beam 
homogenizer 3; setting the energy density of the laser beatru. 
on the dot marking surface, which passed through the liquid 
crystal mask 4 to 1.0 to 15.0 J/cm 2 ; and condensing the laser 
beam for each dot by the lens unit 6, which passed through the 
liquid crystal mask, onto the surface of the article to be marked 
so that the maximum length of each dot is set to 1.0 to 15.0 

In order to form the dot mark having the peculiar shape 
of the invention, the inventors of the present invention have 
carried out a number of experiments to know how the wavelength, 
the energy density, and the pulse width of a laser beam exert 
an influence. As a result, the wavelength makes only the 
absorption ratio of the semiconductor wafer different but does 
not change others^ When silicon is used as a material of the 
semiconductor wafer as an example, in order to obtain the dot 
mark shape of the invention , it is necessary to moderately reduce 
the penetration to silicon as the dot shape becomes smaller. 
Consequently, the most preferable result is obtained at about 
532 nm. Though the wavelength cannot be unconditionally 
specified since it differs according to the material of the 
article to be marked, preferably it is within the visible range 
of 300 nm to 700nm. 

On the other hand, with respect to the pulse width, a range 
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in which a permissible range of the energy density can be set 
properly wide and the output of the laser can be suppressed as 
much as possible was examined. As a result, the range of 10 
to 500 ns was found to be effective to form the dot mark of the 
invention. More preferably, the range is 50 to 120 ns. In the 
case of 500 ns or larger, the energy density becomes too high, 
so that the desired dot mark shape is not easily obtained and 
the laser itself inevitably becomes large. It should be 
understood that these values are quite small comparing with the 
pulse width according to the marking method disclosed in the 
above mentioned Japanese Patent Publication No. 10-4040. In 
a process performed to a ps area with a laser, transpiration 
occurs considerably and the permissible energy density range 
is extremely narrow. 

The energy density largely depends on the laser 
wavelength, pulse width, and the optical characteristics of a 
material to be processed. Consequently,, it is preferable to 
determine the energy density in consideration of both of the 
laser wavelength and the pulse width. In case of previously 
specifying the values of the laser wavelength and the pulse width 
as described above, it is appropriate to set the energy density 
of the laser beam on the dot marking surface, which passed 
through the liquid crystal mask 4 and split , to 1 . 0 to 15 . 0 J/cm 2 . 
Assuming that the wavelength is the same, within the above 
mentioned pulse width range, when the pulse width is the smaller 
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one , it is preferable that the energy density is within the range 
of 1.0 to 3.7 J /cm 2 , and when the pulse width is the larger one, 
it is preferable that the energy density is within the range 
of 3.7 to 11.0 J/cm 2 . 

Strictly saying, a very thin native oxide film is formed 
on the surface of a semiconductor wafer, especially, made of 
silicon. In the invention, the oxide film is simultaneously 
deformed. It is therefore necessary to take the following 
points into account in order to preferably deform the oxide film. 

1) The melting point of the oxide film (Si0 2 ) is higher than 
that of a silicon wafer (Si). 

2 ) The oxide film is amorphous and has no clear change point 
to a liquid phase. It is softened around the melting point of 
silicon. 

3) The oxide film is transparent from a visible region to 
a near infrared region and absorbs silicon. 

From the above points, at the event; of pulse irradiation, 
the silicon wafer is directly heated and melted through the oxide 
film. The oxide film is softened by thermal conduction from 
silicon and is formed in dots in accordance with the surface 
shape of silicon by elastic deformation. When the oxide film 
becomes thicker, however, the temperature rise in the oxide film 
by the thermal conduction is not sufficient at the interface 
of the oxide film, which is in contact with the outside. As 
a result, the temperature rise cannot keep up with the pace of 
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the deformation amount of silicon and plastic deformation 
( crack ) occurs . 

The thickness of the oxide film on the surface which is 
in the film vibration mode at the time of dot formation similar 
to that of a completely bare wafer was found to be 1 , 500 to 2 , 000 
angstroms by experiments. When the oxide film on the surface 
has the thickness of about 1,500 angstroms or less, dots can 
be formed in the film vibration mode similar to that of a bare 
wafer . 

Preferably, in addition to the marking parameters, a 
parameter of disposing the beam profile converting means 5 at 
either the front or post stage of the liquid crystal mask 4 is 
included. The beam profile converting means 5 takes the form 
of a dot matrix of the same size as that of the pixel matrix 
of the liquid crystal mask 4 and converts the energy density 
distribution of a laser beam into a required distribution. The 
beam profile converting means adjusts the thermal distribution 
in the irradiation pattern dots, thereby adjusting the height 
of the protrusion of the dot mark. 

The maximum length of each of pixels in the liquid crystal 
mask 4 is specified to 50 to 2,000 um due to the limit of the 
resolution of an existing lens system when a laser beam 
transmitted the liquid crystal mask 4 is condensed on the article 
to be marked so that the maximum length of one dot is set to 
1 .0 to 15.0 |M by a lens system. When the maximum length 
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(diameter) of one dot is smaller than 1.0 \m, it is difficult 
to read each, dot by an existing optical system sensor. When 
the maximum length exceeds 15.0 pun, not only a sufficient amount 
of information cannot be marked on a predetermined area but also 
the marking area is limited. Each of the values is 3/20 to 1/100 
of 100 ym which is the maximum size of the dot mark permitted 
by the present SEMI standard. It can be understood how small 
the sizes are. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig . 1 is a diagram for schematically showing a microdot 
marking apparatus of the invention. 

Fig. 2 is a diagram showing the whole construction of a 
general dot marking apparatus using a laser beam. 

Fig. 3 is an AFM observed stereoscopic view of the shapes 
of dot marks fomied by the method of the invention and their 
arrangement state. , 

Fig. 4 is a cross section of the dot marks in Fig. 3. 

Fig. 5A and 5B are AFM observed crpss section and 
stereoscopic view of a dot mark shape according to a first 
embodiment . 

Figs. 6A and 6B are AFM observed cross section and 
stereoscopic view of a dot mark shape according to a second 
embodiment . 

Figs. 7A and 7B are AFM observed cross section and 
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stereoscopic view of a dot mark shape according to a third 
embodiment . 

Figs. 8A and 8B are AFM observed cross section and 
stereoscopic view of a dot mark shape according to a first 
comparative example. 

Figs. 9A and 9B are AFM observed cross section and 
stereoscopic view of a dot mark shape according to a fourth 
embodiment . 

Figs. 10A and 10B are AFM observed cross section and 
stereoscopic view of a dot mark shape according to a fifth 
embodiment . 

Figs. 11A and 11B are AFM observed cross section and 
stereoscopic view of a dot mark shape according to a sixth 
embodiment . 

Figs. 12A and 12B are AFM observed cross section and 
stereoscopic view of a dot mark shape according to a seventh 
embodiment . 

Figs. 13A and 13B are AFM observed cross section and 
stereoscopic view of a dot mark shape according to a second 
comparative example. 

Figs. 14A and 14B are AFM observed cross section and 
stereoscopic view of s dot mark shape according to a third 
comparative example. 

Figs. 15A and 15B are AFM observed cross section and 
stereoscopic view of a dot mark shape according to a fourth 
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comparative example. 

Figs. 16A and 16B are AFM observed cross section and 
stereoscopic view of a dot mark shape according to a fifth 
comparative example. 

Figs. 17A and 17B are AFM observed cross section and 
stereoscopic view of a dot mark shape according to a sixth 
comparative example. 

Fig. 18 is a graph showing the correlation between the 
energy density and the height of the protrusion in each of the 
dot marking of the first to seventh embodiments and the first 
to sixth comparative examples. 

Fig. 19 is a graph showing correlation of the energy 
density and the height of the protrusion when the pulse width 
and marking width among the laser marking parameters in the first 
to seventh embodiments and first to sixth comparative examples 
are changed. 

Fig. 20 is a plan view showing characters displayed by 
dot marks of the invention. 

Fig. 21 is a plan view showing characters displayed by 
conventional dot marks. 

Fig. 22 is a stereoscopic view showing a first example 
of the dot mark shape based on a vibration mode of the surface 
of a melted pool in a dot mark forming process. 

Fig. 23 is a stereoscopic view illustrating a second 
example of the dot mark shape. 
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Fig. 24 is a stereoscopic view showing a third example 
of the dot mark shape. 

Fig. 25 is a stereoscopic view showing a fourth example 
of the dot mark shape. 

Fig. 26 is a stereoscopic view showing a fifth example 
of the dot mark shape. 

Fig. 27 is a stereoscopic view showing a sixth example 
of the dot mark shape. 

Fig. 28 is a stereoscopic view showing a seventh example 
of the dot mark shape. 

Fig. 29 is a stereoscopic view showing an eighth example 
of the dot mark shape. 

Fig. 30 is a stereoscopic view showing a ninth example 
of the dot mark shape. 

Fig. 31 is a stereoscopic view showing a tenth example 
of the dot mark shape. 



DETAILED DESCRIPTION OF THE PREFERRED EXAMPLES 
Preferred Examples of the invention, will be specifically 

described hereinbelow in conjunction with comparative shapes 

with reference to the accompanying drawings . 

Fig. 1 is a diagram schematically showing an embodiment 

of a laser marking apparatus for forming a microdot mark of the 

invention. 

In Fig. 1 , reference numeral 2 denotes a laser oscillator; 
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3 a beam homogenizer; 4 a liquid crystal mask; 5 a beam profile 
converter; and 6 a condenser lens unit, and reference character 
W indicates an article to be marked. In the embodiment, as the 
article W to be marked, a semiconductor wafer is used as an 
example. The semiconductor wafer W in the embodiment includes 
not only a silicon wafer but also a general wafer such as a wafer 
on which an oxide film or a nitride film is formed, an epitaxial 
semiconductor wafer, and further a semiconductor wafer formed 
by using gallium arsenide or an indium phosphorus compound. 

In the laser marking apparatus 1, a laser beam having a 
Gaussian energy density distribution emitted from the laser 
oscillator 2 is homogenized by the beam homogenizer 3 to that 
having a top -hat shaped energy density distribution whose peak 
values are almost the same. The surface of the liquid crystal 
mask 4 is irradiated with the laser beam having the energy 
density distribution homogenized as mentioned above . As widely 
known , a required marking pattern can be displayed on the liquid 
crystal mask 4 . The laser beam passes through a pixel portion 
which is in a light transmittable state in a display region of 
the pattern. The energy density distribution of each 
transmitted light split on the pixel unit basis has the same 
shape as that homogenized by the beam homogenizer 3 and is 
uniform. 

An optical component for allowing a laser beam having, 
for example, a Gaussian energy density distribution to have a 
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shape of a homogenized energy density distribution is 
generically called the beam homogenizer 3 . For example , there 
is an optical component of a system for irradiating the surface 
of an entire mask by using fly's eye lens, binary optics, or 
cylindrical lens or scanning the surface of a mask by performing 
a mirror operation by an actuator such as a polygon mirror or 
a mirror scanner. 

In the invention, as described above, the pulse width of 
the laser beam is 10 to 500 ns and the energy density on the 
dot marking surface is controlled within the range from 1 . 0 to 
15.0 J/cm 2 , and preferably in the range from 1.5 to 11.0 J/cm 2 . 
When the laser beam is controlled within the range of such 
numerical values, the dot mark having a peculiar shape of the 
invention can be formed. 

The area irradiated per time in the liquid crystal mask 
4 is equal to the number of dots of 10 x 11. All of the dots 
are irradiated with a laser beam at a time. Since such number 
of dots is not often enough for necessary dots , the mark pattern 
may be divided into a plurality of sections and the liquid 
crystal mask is allowed to sequentially display the sections. 
By switching and combining the sections , the whole mark pattern 
may be formed on the wafer surface. In this case, in order to 
form an image on the surface of the wafer, it is naturally 
necessary to move the wafer or the irradiation position. As 
such a moving method, various methods which are conventionally 
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known can be used. 

In the embodiment, the beam profile converter 5 is 
irradiated with the laser beam on the dot unit basis, which has 
passed through the liquid crystal mask 4 . In the beam profile 
converter 5, optical components are arranged similarly in a 
matrix in correspondence with the liquid crystals arranged in 
a matrix of the liquid crystal mask 4. Therefore, laser beam 
passed through the liquid crystal mask 4 goes through the beam 
profile converter 5 on the dot unit basis in a one-to-one 
corresponding manner, and the laser beam having the energy 
density distribution previously homogenized by the beam 
homogenizer 3 is converted into a laser beam having an energy 
density distribution necessary to form a microhole shape 
pebuliar to the invention. Although the energy density 
distribution of the laser beam passed through the liquid crystal 
mask 4 is converted into the required energy density 
distribution by allowing the laser beam tp further pass through 
the beam profile converter 5 in the embodiment, there is also 
a case where the laser beam is directly led to the lens unit 
6 without converting the profile of the energy density 
distribution by the beam profile converter 5. 

The laser beam passed through the beam profile converter 
5 is condensed to a predetermined position on the surface of 
the semiconductor wafer W by the lens unit 6 , thereby performing 
the necessary dot marking onto the surface. In the invention. 
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the maximum length of each pixel in the liquid crystal which 
is 50 to 2,000 \xm is reduced to 1 to 15 ^m on the surface of 
the semiconductor wafer W by the lens unit 6. In case of 
uniformly forming a mark of a micron unit onto the surfaces of 
a plurality of wafers, it is necessary to adjust the distance 
between the marking surface and a condensing lens and the optical 
axis on the micron unit . According to the embodiment , the focal 
point is detected by measuring the height in accordance with 
a conf ocal method which is generally used in a laser microscope 
or the like, the obtained value is fed back to a fine positioning 
mechanism in the vertical direction of the lens, and the focal 
point is positioned automatically. A generally known method 
is adopted for the optical axis adjustment and the positioning 
and adjustment of optical components. For example, the 
adjustment is performed by a screw adjusting mechanism for 
matching an object to a preset reference spot by using guide 
light of an He-Ne laser or the like. It gLs sufficient to carry 
out the adjustment only once at the time of assembly. 

The maximum length of the microdot, mark on the marking 
surface according to the invention is therefore within the 
dimensional range from 1.0 to 15.0 [nm. The protrusion/recess 
dimension is set to 0 . 01 to 5 \xm in consideration of a case where 
the peripheral portion of the protrusion is slightly recessed. 
In order to form the dot mark having such a dimension, the length 
of one side of each dot in the liquid crystal mask 4 has to be 
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50 to 2,000 [mi so as not to disturb a mark formation at the 
irradiation point on the surface of the semiconductor wafer W 
due to the limitation of the resolution of the condensing lens 
unit or the like. Further, when the interval between the beam 
profile converter 5 and the liquid crystal mask 4 is too large 
or too small, due to an influence of peripheral rays or an 
influence of instability of the optical axis, a mark formed on 
the surface of the semiconductor wafer tends to be disturbed. 
Therefore, in the embodiment, therefore, it is necessary to set 
the interval X between the beam profile converter 5 and the 
liquid crystal mask 4 to a value which is 0 to 10 times as long 
as the maximum length Y of each pixel in the liquid crystal mask 
4. By setting the interval within such range, an image formed 
on the wafer surface becomes clear. 

The beam profile converter 5 is an optical component for 
converting the energy density distribution homogenized by the 
beam homogenizer 3 into an optimum energy density distribution 
so as to obtain a dot shape peculiar to the invention. For 
example, by optionally varying a diffracting phenomenon, a 
refracting phenomenon, or a light transmittance at a laser 
irradiated point, the profile of the energy density 
distribution of an incident laser beam is converted into an 
arbitrary one. As the optical component, for instance, a 
diffraction optical element, a holographic optical element, a 
convex microlens array, or a liquid crystal itself can be used. 
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Such elements or the like are arranged in a matrix and used as 
the beam profile converter 5. 

Figs. 3 and 4 illustrate a typical shape and arrangement 
of dot marks formed by the method of the invention. Fig. 3 is 
a stereoscopic view observed by an AFM and Fig. 4 is a cross 
section observed by the AFM. According to this embodiment, the 
shape of each dot mark formed on the surface of the semiconductor 
wafer W is a square of 3 . 6 fxm and the interval between neighboring 
dots is 4.5 \jaa. As understood from the diagrams, almost 
conical -shaped dot marks each formed by a laser beam split in 
correspondence with each of pixels of the liquid crystal mask 
4 are formed on the surface of the semiconductor wafer W. 
Moreover, the dot marks of 11 x 10 are arranged in order and 
their heights are almost the same. This is essentially 
different from the dot mark disclosed in the above mentioned 
Japanese Patent Publication No. 10-4040 in which an aggregation 
of a number of small protrusions which have various heights and 
are distributed randomly are handled as one dot. The above 
described dot marks having the same shape, and arranged in rows 
can be formed since the energy distribution of the laser beam 
emitted to the liquid crystal mask 4 is homogenized by the beam 
homogenizer 3. 

The dimension of the microdot mark according to the 
invention is as described above. That is, the maximum length 
along the surface of the article W to be marked is 1 to 15 [xca 
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and the height of the protrusion is 0.01 to 5 urn. The values 
are obtained by various experiments and are within the range 
from the minimum to the maximum necessary to assure the limit 
of the visibility of an existing optical sensor and the degree 
of freedom of the marking area. 

Figs . 5A, 5B to 16A, 16B illustrate the shapes of dot marks 
peculiar to the invention formed under the parameters of the 
method of the invention by the laser marking apparatus 1 adopted 
in the embodiment and the shapes of dot marks formed under the 
other parameters by the apparatus 1 . The specification of the 
laser marking apparatus 1 is as follows. 

Laser medium: Nd : YAG laser 

Laser wavelength: 532 nm 

Mode: TEM00 

Average output: 4W @ 1 kHz 

Pulse width: 100 ns @ 1 kHz 

A preliminary experiment as described below was conducted 
with respect to the wavelength of the laser beam to carry out 
the invention. Various preliminary experiments were carried 
out by setting the wavelength of a laser beam to three values 
of 355 nm, 532 nm, and 1064 nm, setting the energy density to 
0.14 to 3.1 J /cm 2 as in the embodiments of the invention and 
comparative examples which will be described hereinlater, and 
setting the pulse width within the range of 10 to 700 nm and 
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20 ps . Although the absorption ratio of silicon differs between 
a case where the wavelength of the laser beam is 532 nm and a 
case where the wavelength is 1064 nm, a substantially same 
tendency was observed. The penetration to the silicon in the 
case of using the wavelength of 532 nm was, however, smaller. 
A better result was obtained as the dot becomes smaller. On 
the other hand, when the wavelength of the laser beam is set 
to 355 nm, the penetration to the silicon is too small and 
transpiration easily occurs on the surface of silicon. The 
wavelength of the laser beam is therefore set to 532 nm in the 
embodiment. The wavelength of the laser beam is not 
unconditionally specified in the invention. 

As a laser beam used in the embodiment, a laser beam 
produced by a YAG laser oscillation apparatus , a second harmonic 
of a YV04 laser oscillation apparatus, a laser beam produced 
by a titanium sapphire laser oscillation apparatus , and the like 
can be mentioned. i 

Figs. 5A, 5B to 17A, 17B show the shapes and dimensions 
of dots according to Embodiments 1 to 7 and Comparative examples 
1 to 6 when the above marking parameters are used and, in addition, 
the diameter of a dot formed on the surface of the semiconductor 
wafer W, the energy density of the laser beam, and the pulse 
width of the laser beam are changed. 
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[Table 1] 





Dot diameter 
( f-tm) 


Energy density 
( J/cm 2 ) 


Shape of dot mark 


v. -— j 

Embodiment 1 


7.2 


1 . 19 


Protrusion in 
the center 


Embodiment 2 


7.2 


1.42 


Ditto 


Embodiment 3 




1 . 67 


Ditto 


Comparative 
example 1 


7.2 


0.96 


Recess in 


Embodiment 4 


3.6 


1.50 


Split protrusion 


Embodiment 5 


3.6 




Protrusion in 
the center 


Embodiment 6 


3 . 6 






Embodiment 7 


3.6 


3.10 


Ditto 


Comparat i ve 
example 2 






Recess in 
the center 


Comparat ive 
example 3 


30 


0.43 


Ditto 


Comparat ive 
example 4 


20 


0.14 


Ditto 


Comparative 
example 5 


20 


0.29 


Annular recess 


Comparative 
example 6 


20 


0.43 


Volcano shape 



Figs . 5A and 5B show the shape and dimension of a dot mark 
formed on the surface of the semiconductor wafer W under the 
marking parameter of Embodiment 1. In the diagrams, although 
there is an annular recess around the dot mark, the dot mark 
has an almost conical protrusion which upwardly protrudes high 
in the central portion. The contrast between the protrusion 
and the peripheral area is high and sufficient visibility is 
assured. 

Figs. 6A, 6B, 7A and 7B illustrate the shapes and 
dimensions of dot marks formed on the surface of the 
semiconductor wafer W under the marking parameters of 
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Embodiments 2 and 3, respectively- In each of the diagrams, 
the peripheral area of the dot mark is almost flat and the dot 
mark has an almost conical protrusion which upwardly protrudes 
high. The contract between each of the dots and its peripheral 
area is high and sufficient visibility is assured. 

In Comparative example 1 shown in Figs. 8A and 8B, 
although the length of the dot is the same as that of each of 
Embodiments 1 to 3 (the length of one side of the square is 7.2 
yaa) , the energy density is 0.96 (< 1.5) J/cm 2 . Therefore, the 
dot has a large recess in the central portion, the contract is 
much lower as compared with the Embodiments , and the visibility 
is low. 

Figs. 9A and 9B illustrate the shape and dimension of a 
dot mark formed on the surface of the semiconductor wafer W under 
the marking parameters of Embodiment 4. According to the 
Embodiment 4 , although the length of the dot ( length of one side 
of the square) is 3.6 pirn which is the same as those of the 
Embodiments 5 to 7, the mountain- shaped protrusion is 
vertically split into two portions and a slight recess is formed 
in the peripheral area . Since the protrusion is large as a whole , 
however, the contrast between the dot and the peripheral area 
is high and the visibility is high. 

Figs. 10A and 10B and Figs. 11A and 11B show the shapes 
and dimensions of dot marks formed on the surface of the 
semiconductor wafer W under the marking parameters of 
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Embodiments 5 and 6, respectively. In the diagrams, although 
there is an annular recess in the peripheral area of the dot 
mark in a manner similar to Embodiment 1, the dot mark has an 
almost conical shaped protrusion which protrudes high in the 
center. The contrast between the dot mark and the peripheral 
area is high and sufficient visibility is assured. 

Figs. 12A and 12B show the shape and dimension of the dot 
mark formed on the surface of the semiconductor wafer W under 
the marking parameters of Embodiment 7. In the diagram, the 
periphery of the dot mark is almost flat in a manner similar 
to Embodiment 3 and the dot mark has an almost conical shaped 
protrusion which upwardly protrudes high. Although the length 
of the dot is small, the dot mark is the most excellent with 
respect to the visibility. This shape of the dot is an ideal 
one of the invention. 

Comparative examples 2 to 6 shown in Figs. 13A, 13B to 
17A, 17B cannot be regarded as embodiments of the invention 
irrespective of the shapes, as shown in Table 1 as well, since 
the length of the dot mark ( the maximum length along the surface 
of the semiconductor wafer W) exceeds the range of 1 to 15 \*m 
which is the object of the invention. Especially, each of 
Comparative examples 3 to 5 shown in Figs. 13A, 13B to 16A, 16B 
has a large recess in the central portion. In each of 
Comparative examples 2 and 3 shown in Figs. 13A, 13B and 14A, 
14B, annular shallow recesses are formed around the central 
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portion and the contrast between the dot mark and the peripheral 
flat portion is low. Unless the dot mark is large, the 
visibility is low. 

In Comparative example 6 shown in Figs. 17A, 17B, the 
periphery is flat and the dot mark has a volcano- shaped 
protrusion having a recess in the center. Since the contrast 
is high, sufficient visibility is assured. The shape of 
Comparative example 6 is extremely effective as an ordinary dot 
mark. 

Fig. 18 is a graph obtained by plotting the energy density 
and the height of the protrusion of each of the dot marks of 
the embodiments and comparative examples. The dot mark in the 
shape peculiar to the invention has a protrusion. As can be 
understood from the graph, in each of the embodiments in which 
a microdot mark has the length (the length of one side of a square 
dot is 3.6 \im or 7.2 ^m) less than the maximum length of the 
microdot mark as the object of the invention, the energy density 
has to be 1 J /cm 2 or higher. 

The following can be understood frpm Figs. 13A, 13B to 
18, Embodiments 1 to 7, and Comparative examples 1 to 6. 
1) The smaller the diameter (maximum length) of the dot mark 
is, the easier the protrusion is formed. The smaller the 
diameter of the dot mark is , the shorter the length of the free 
interface is. Since the viscosity of silicon solution is 
constant when the temperature is constant, it can be said that 
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a lower vibration mode becomes dominant as a result. 

2) In case of forming a protrusion having the same height, 
as the diameter of the dot mark becomes smaller, the higher 
energy density is required. Specifically, it corresponds to 
a case where the distance between fixed ends is shortened while 
maintaining a film vibration amplitude at the same value. The 
shorter the distance between the fixed ends is, the larger 
external force (temperature distribution of pulse irradiation 
= surface tension) is required. 

3) A dot mark of a certain size is in a low order vibration 
mode which certainly has a protrusion. In the Table 1 above, 
when the diameter of the dot mark is 3.6 \xm, all of the 
Embodiments have protrusions irrespective of their shapes. 

4 ) . A dot of a certain size or larger is always in the vibration 
mode of a recessed shape. That is, in these embodiments and 
examples, a point of inflection between the case where the 
protruded shape is dominant and the case where the recessed shape 
is dominant exists in the range of the diameters from 20 to 30 

of the dot mark. The value is unconditionally determined 
from the viscosity of silicon solution, depth of the melted pool 
and size of the melted pool (diameter of the dot mark) . 

From the foregoing conclusion, by setting the various 
marking parameters specified in the invention, the small shape 
of the dot mark peculiar to the invention can be certainly and 
accurately formed. 
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Fig. 19 is a graph which is drawn by plotting the energy 
density and the protrusion height of each of the dot marks formed 
when the pulse width is changed to 90 ns, without changing other 
specifications of the above described laser marking apparatus 
1 , and the energy density which is a marking parameter is varied. 

The length of the dot mark along the marking surface is 
set to six types of 2 \xm, 4 \ua, 6 \xm, 8 pm, 10 um and 14 pun. 
The symbols in Fig. 19 means as follows: O is for 2 \xm, □ is 
for 4 [ma, A is for 6 pun, X is for 8 \xm, O is for 10 \xm and • 
is for 14 pirn. 

As is understood from Fig. 19, when the pulse width is 
changed from 50 ns to 90 ns, the heights of the small dot marks 
of 2 [«n and 4 fxm increase with respect to the energy density 
within the range of 3.5 to 11.0 J/cm 2 . With respect to the dot 
marks of 6 to 14 [im, the heights of the protrusions gradually 
increase within the range of energy density of 6.0 to 8.0 J/cm 2 , 
however, the protrusion height decreases sharply when the 
energy density exceeds a certain value, and the shape of the 
dot mark changes from protruding shape of type B to recess shape 
of type C. 

It should be understood from Figs . 18 and 19 that , in order 
to form dot marks having desired protrusion height of the 
invention, it is necessary to select the pulse width, energy 
density and the length along the marking surface appropriately, 
and as long as these values can be selected adequately, small 
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and particularly shaped dot marks having predetermined width 
(length) and height (protrusion/recess), which characterizes 
the invention, can be formed. 

Fig. 20 shows an arrangement of dot marks to display 
characters obtained by the dot marking according to the method 
of the invention. Fig. 21 shows an arrangement of dot marks 
to display characters obtained by conventional dot marking. In 
case of a 2D code, the relative position of dots is specified 
to 20% or less. For example, in case of a dot mark of $5yan, 
when the positioning accuracy at a stage is ± 1 \xm, positional 
deviation of 20% occurs at random. 

In case of adopting the conventional marking method, 
characters formed by dots are distorted as shown in Fig. 21 in 
relation to the positional accuracy of the dots. As a result, 
it cannot be read as a 2D code. On the other hand, as for the 
dot mark formed by the method of the invention shown in Fig. 
20, the relative position of neighboring dots is zero in 
principle when the aberration of the lens is not taken into 
account. Generally, since the aberration of a lens increases 
in the outer peripheral area of the lens , when the central area 
(effective field of view) of the lens is used, it can be regarded 
as almost zero. Consequently, dots can be formed regularly and 
accurately as shown in Fig. 19. 

As obviously understood from the above description, 
according to the dot mark shape and the dot marking method of 
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the invention, microdot marks having uniform shapes each of 
which is 3/20 to 1/100 as compared with the conventional shape 
can he formed accurately in order in the areas on the dot unit 
basis on the surface of the semiconductor wafer. Moreover, 
since the dot mark has a peculiar shape whose central portion 
protrudes , which is not conventionally obtained, the visibility 
of the dot mark is excellent and the mark shape sufficiently 
functions as a 2D code as well. 

Since the size of the dot mark of the invention is largely 
reduced as compared with the size of a conventional dot mark 
as described above and the boundary between the neighboring dot 
marks can be clearly seen, a number of dot marks can be formed 
in the same area . Not only the marking area is largely increased , 
but also the degree of freedom in selecting the marking area 
is also increased. 

More specifically, the following effects are obtained. 
1) A mark can be formed on the surface of a wafer at an 
arbitrary time. 

For example, shipping test data of, a wafer or the like 
can be marked at the time of shipping of the wafer from a silicon 
manufacturer without being influenced by the application of a 
device manufacturer to whom the wafer is delivered. Further, 
when shipping is performed on a wafer unit basis, test data of 
each chip, the wafer ID, and the chip ID can be marked in the 
area. Moreover, by forming a mark at a V-notch or a corner of 
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an orientation flat portion, a fear such that the mark is too 
small to be found is eliminated. 

Similarly, not only test data during an arbitrary process 
but also a wafer ID mark of the device manufacturer can be formed 
by the device manufacturer- Specifically, because the dot mark 
shape is particular and extremely small, it is possible to form 
various data of desired volume on the rear surface of each chip 
in the order of manufacturing steps before scribing at device 
makers, thereby history of each chip can be easily seized. 

2) More chips can be obtained from a wafer. 
According to the dot marking method of the invention, 

since the dot mark is extremely small, area dedicated for the 
marking can be omitted, the chip effective area such as not only 
the peripheral and rear surfaces of the wafer, but also the 
surface of the scribe line and the inner surface of the V- notch, 
as well as corner^ of the orientation flat portion, for example 
can be enlarged. Thus, the invention can contribute directly 
to improved yield of the wafer. 

3) Burden on designing is lightened. , 

Since it is unnecessary to provide the marking area at 
the time of designing the chip, the designer can freely design 
a chip. 

It is convenient for the invention that a general film 
formation is hardly performed to the wafer outermost area of 
2 mm, especially, the outer side of 1 mm and the area is in an 
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almost bare wafer state. Consequently, marking can be stably 
performed in this area. 
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What is claimed is: 

1. A microdot mark shape which is formed by a laser beam, 
on a surface of an article to be marked by using a laser as a 
light source, wherein 

the microdot mark shape is made by dot marks each formed 
on each laser irradiated point, 

the mark has a protrusion which protrudes in the center 
portion upward from the surface of the article to be marked, 
and 

the length of each dot mark along the surface of the 
article to be marked is 1.0 to 15.0 \*m and the height of the 
protrusion is 0.01 to 5.0 \xm, 

2 . A microdot mark shape according to claim 1 , wherein said 
surface of said article to be marked is a beveled portion of 
an outer peripheral surface of a wafer. 

.2. A method of forming a mark made by dots on the surface 
of an article to be marked by laser beams emitted from a pulse 
laser oscillator, comprising the steps of: 

homogenizing an energy distribution of the laser beam 
emitted from the laser oscillator by a beam homogenizer; 

forming a desired pattern by controlling a liquid crystal 
mask in which the maximum length of each pixel is 50 to 2,000 
yaa and irradiating the liquid crystal mask with the laser beam 
homogenized by the beam homogenizer; 

setting the energy density on a surface to be marked, of 
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a split laser beam which passed through the liquid crystal mask 
to 1.0 to 15.0 J/cm 2 ; and 

condensing the laser beam for each dot by a lens unit, 
which passed through the liquid crystal mask, onto the surface 
of the article to be marked so that the maximum length of each 
dot is set to 1.0 to 15.0 nm. 

4. A microdot mark forming method according to claim 3, 
wherein said energy density of said split laser is set within 
a range of 1.5 to 3.7 J/cm 2 . 

5. A microdot mark forming method according to claim 3, 
wherein said energy density of said split laser is set within 
a range of 3.7 to 11.0 J/cm 2 . 

6. A microdot mark forming method according to claim 3, 
wherein beam profile converting means which takes the form of 
a dot matrix of the same size as that of a pixel matrix of the 
liquid crystal mask and converts an energy density distribution 
of the laser beam into a required distribution is provided at 
the front or post stage of the liquid crystal mask. 
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ABSTRACT OF THE DISCLOSURE 
A dot mark f orming method for obtaining a dot mark having 
a peculiar shape which is highly visible even if it is very small 
and accurately forming such a microdot is disclosed. The energy 
distribution of a laser beam emitted from a laser oscillator 
is homogenized by a beam homogenizer. A liquid crystal mask 
in which the maximum length of each of pixels which display a 
desired pattern is 50 to 2, 000 um is irradiated with the laser 
beam homogenized by the beam homogenizer. The energy density 
of a split laser beam which passed through the liquid crystal 
mask is set to 1.0 to 15.0 J/cm 2 , and the laser beam for each 
dot, which passed through the liquid crystal mask is condensed 
by a lens unit onto the surface of the article to be marked so 
that the maximum length of each dot becomes 1 to 15 um. The 
single dot mark is formed on each laser irradiated point . The 
dot mark has a protrusion in the center which protrudes upward 
from the surface of the article to be marked. The length along 
the surface of the article is 1 to 15 [xm and the height of the 
protrusion is 0.01 to 5 um. Although the dot mark is very small, 
it is uniform and clearly seen. The degree of freedom increases 
with respect to the marking area and the marking timing. 
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CONTINUATION-IN-PART 
DECT .A RATION AND POWFR OF ATTORNEY 



As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name, 

I believe I am the original, first and joint inventor of the subject matter which is claimed and 
for which a patent is sought on the invention entitled: 

"SHAPE OF MICRODOT MARK FORMED BY LASER BEAM AND MICRODOT 
MARKING METHOD" 

Case No P99.2359-01 the specification of which 

is a continuation-in-part application of U.S. Serial No. 09/448,127 filed on November 24, 1999 . 

I hereby state that I have reviewed and understand the contents of the above-identified 
specification, including the claims, as amended by any amendment specifically referred to in the oath 
or declaration. 

I acknowledge the duty to disclose to the United States Patent Office all information known 
to me, which information is material to the examination of this application, in accordance with Title 
37, Code of Federal Regulations, 1.56(a) 1 . 1 also acknowledge the duty to disclose to the United 
States Patent Office all information known to me to be material to patentability as defined in §1 .56 
which became available between the filing date of the prior application 09/448,127 and the filing date 
of this continuation-in-part application. 

As to the subject matter of this application which is common to U.S. Serial No. 09/448,127 
filed on Novemher 24. 1999 . 1 do not know and do not believe that this invention was ever known 
or used in the United States of America before my or our invention thereof, or patented or described 
in any printed publication in any country before my or our invention thereof or more than one year 
prior to the earlier application, I believe that the same was not in public use or on sale in the United 
States of America more than one year prior to this earlier application, and I believe that the invention 
has not been patented or made the subject of an inventor's certificate issued before the date of this 
earlier application in any country foreign to the United States of America on an application filed by 
me or my legal representatives or assigns more than twelve months prior to this earlier application, 
and that no application for patent or inventor's certificate on this invention has been filed in any 
country foreign to the United States of America prior to this earlier application by me or my legal 
representatives or assigns, except as identified below. 

As to the subject matter of this application which is not common to U.S. Serial No. 



V) UnderHiis section, information is material to patentability when it is not cumulative to information already of record or 
being made ofrecord in the application, and . 

(1) It establishes, by itself or in combination with other information, apnma facie case of unpatentability ot a claim; or 

(2) It refutes, or is inconsistent with, a position the applicant takes in: 

(I) Opposing an argument of unpatentability relied on by the Office, or 
(ii) Asserting an argument of unpatentability. 
Apnma facie case of unpatentability is established when the information compels a conclusion that a claim is unpatentable 
under the preponderance of evidence, burden-of-proof standard, giving each term in the claim its broadest reasonable construction consistent with 
the specification, and before any consideration is given to evidence which may be submitted in an attempt to establish a contrary conclusion of 
patentability. 



09/448.127 on Nnvpmher 24. 1999 . 1 do not know and do not believe this invention was ever 
known or used in the United States of America before my or our invention thereof, or patented or 
described in any printed publication in any country before my or our invention thereof or more than 
one year prior to this application, I believe that the same was not in public use or on sale in the United 
States of America more than one year prior to this application, and I believe that the invention has 
not been patented or made the subject of an inventor's certificate issued before the date of this 
application in any country foreign to the United States of America on an application filed by me or 
my legal representatives or assigns more than twelve months prior to this application, and that no 
application for patent or inventor's certificate on this invention has been filed in any country foreign 
to the United States of America prior to this application by me or my legal representatives or assigns, 
except as identified below. 

I hereby claim foreign priority benefits under Title 3 5, United States Code, 1 1 9 of any foreign 
application(s) for patent or inventor's certificate listed below: 

Prior Foreign Application(s) 
Number Country Date 



and have also identified below any foreign application for patent or inventor's certificate having a 
filing date before that of the above listed application on which priority is claimed: 

If no priority is claimed, I have identified all foreign patent applications filed prior to this 
application: 

And I hereby appoint Messrs. John D. Simpson (Registration No. 19,842), Dennis A. Gross 
(24 410) Robert M Barrett (30,142), Steven H. Noll (28,982), Kevin W. Guynn (29,927), Robert 
M Ward (26,517), Brett A. Valiquet (27,841), Edward A. Lehman (22,312), David R. Metzger 
(32 919) Todd S Parkhurst (26,494), James D. Hobart (24,149), Melvin A. Robinson (31,870), 
Joseph P Reagen (35,332), Michael R. Hull (35,902), Michael S. Leonard (37,557), William E. 
Vaughan (39,056) and Lewis T. Steadman (17,074) all members of the firm of Hill & Simpson, A 
Professional Corporation 

Telephone: 312/876-0200 
Ext.: 3229 

my attorneys with full power of substitution and revocation, to prosecute this application and to 
transact all business in the Patent and Trademark Office connected therewith and direct that all 
correspondence be forwarded to: 

Hill & Simpson 
A Professional Corporation 
85th Floor Sears Tower 
233 South Wacker Drive 
Chicago, Illinois 60606 



I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these statements 



were made with the knowledge that willful false statements and the like so made are punishable by 
fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that such 
willful false statements may jeopardize the validity of the application or any patent issued thereon. 
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